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PN CHAPTER 2
\ Developing Ideas

PSeT | ACTIVITY 1: Interactions and Force

Purpose

In Chapter 1 you developed some ideas about how
to describe contact push/pull interactions between
objects in terms of a transfer of mechanical energy
between the objects. For example, for a soccer
player kicking the ball, previously we might have
said:

“There is a contact push/pull interaction between the
player’s foot and the ball. Mechanical energy is
transferred from the foot to the ball”

However, scientists often use a different way of describing the same
interactions, not in terms of energy transfers and changes, but in terms of the
pushes and pulls (which they call forces) that the objects exert on each other.
So, for the example above, we could also say:

“There is a contact push/pull interaction between the player’s foot and the ball. The
foot pushes the ball” or “The foot exerts a force on the ball.”

In this cycle you will be investigating the effects that forces have on the
motion of objects. We will start by examining how we can recognize when a
force is acting on an object, and when it is not.

wr.?,  How does an object move when a force is acting

m—o on it?
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Chapter 2

Initial Ideas

Think about a soccer player kicking a stationary
ball. As he interacts with it, by kicking it, the ball
starts to move. After the kick, the ball rolls across
the grass and gradually comes to a halt.

0

Sketch a speed-time graph for the motion of
the ball, from the moment the player’s foot
tirst contacts it until it comes to a halt again.

Speed versus Time

Spead

Time

0

Using a colored pencil, indicate the period on the graph during which
the foot was in contact with the ball. Explain your reasoning.

0

Using a different colored pencil, indicate the period on the graph during

which there was a force pushing the ball forward. Again, explain your
reasoning.




Activities 1: Interactions and Force

?O Draw a picture of the ball and use
arrows to show what forces (if any)
you think are acting on the ball
after the foot has lost contact with
it, but before it stops

g Participate in a whole class discussion about these questions. Make a
note of any ideas or reasoning that are different from those of your team.

Collecting and Interpreting Evidence

Experiment #1: Is the motion of the cart after it has been pushed the
same as during the push?

You will need:

} Low-friction cart
} Track

) Access to a Motion Sensor connected to a computer

STEP 1: Open the Motion Sensor data collection file for this activity. Place
your cart at rest on the track about 20 - 30 cm in front of the Motion Sensor.

| N

Start collecting Motion Sensor data and then | \
have one of your team members give the carta || N
gentle push away from the sensor with their \
hand.

While the cart is moving, and before the data collection stops, give the cart
two or three more pushes, in the same direction as the first push. (Stop the

cart when it reaches the other end of the track.)
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Sketch the speed-time graph for the motion of the cart.

Speed versus Time
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Each time the hand interacts with the cart, what happens to the cart’s
speed? Does it speed up quickly, slow down quickly, or move at a
reasonably constant speed?

During the periods when the hand is not interacting with the cart what
happens to the cart’s speed? Does it speed up quickly, slow down
quickly, slow down slowly, or move at a reasonably constant speed?
Why do you think this is?

What evidence would you look for to tell you that a force is acting on the
cart? To illustrate your thinking, use a colored pencil to indicate on the
speed-time graph above the sections of the graph during which you
think there is a force pushing the cart forwards. Explain your reasoning
below.
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Activities 1: Interactions and Force

STEP 3: Three students are discussing the motion of the cart and the force
acting on it. They all agree that while the hand is pushing it there is a force
acting on the cart, but have different ideas about what happens during the
periods when the hand is not in contact.

After contact is lost
there are no longer any
forces acting on the cart.
That's  why it moves
differently.

The force of the hand is
transferred to the cart
and is carried with it.
That's why the cart keeps
moving after the push.

The force of the hand
stops when contact is
lost, but some other

force must take over to
keep the cart moving

p
In'
|I |
‘Samantha Victor
2% Do you agree with Samantha, Victor, or Amara, or with none of them?

Explain your thinking.

Experiment #2: What happens to the cart when it is given a continuous
push?

You will need:

) Low friction cart
) Track

) Fan unit

) Access to a Motion Sensor connected to a computer

2-5



Chapter 2

STEP 1: In the previous experiment you
started a cart moving by giving it a quick
push. Now, suppose instead you were to
keep pushing the cart continuously with a
constant strength.

0

What do you think the motion of the cart would be like under these
circumstances? Sketch a speed-time graph to illustrate your thinking.

Speed versus Time

Spead

Time

0

Briefly explain your reasoning.

STEP 2: Place the cart near one end of the track (
(or table). Each member of your team should try
using one finger to push the cart along the track.
(Make sure you push the cart from behind; do
not grip it with your fingers.) Try to maintain a
constant strength push as the cart moves.




Activities 1: Interactions and Force

@ .
How does the cart seem to behave as you push it?

© . L .
How easy did it seem to maintain a continuous, constant-strength, push?
Why do you think this is?

Most people find it very difficult to maintain a continuous push of a constant
strength. We will now check to see if there is a better way to arrange for such
a force to act on the cart.

STEP 3: Fix the fan unit to the cart and
place it, at rest, on the track (or table).
Turn the fan unit on and have one of
your team place a finger in front of the

cart to stop it from moving. This
person should concentrate on the push
they feel from the cart while the fan is

running.

At the same time another team member should listen to the sound the fan
unit makes while it is running. Keep the fan running for several seconds and
then turn it off.

©), . . .

How does the push of the cart seem to behave while the fan is running?
Does the push seem to stay constant or does it seem to increase or
decrease significantly?

S Does the sound that the fan makes change as it is running, or does it
sound about the same the whole time?

% Do you think the fan unit exerted a constant strength force on the cart

while it was running? What evidence supports your idea?

2-7
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STEP 4: Open the Motion Sensor data
collection file for this activity (if it is not
already open). Place the cart about 20 - 30 cm
in front of the Motion Sensor and turn the fan

on. Start the data collection and then release
the cart. (Do not give it any sort of push or
pull with your hand.) One team member
should listen carefully to the sound of the fan
while the cart is moving.

Carefully stop the cart before it reaches the other end of the track and turn
the fan unit off.

g

% Do you think the fan unit exerted a constant strength force on the cart as

it moved along the track? What evidence do you have to support your
answer?

Sketch the speed-time graph for the motion of the cart below.

Speed versus Time
100
80
)
= 60
2
? 40
j= 8
w
20
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Time (s)

&)
e

% What does the speed-time graph tell you about the speed of the cart
while the fan unit was pushing it?
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Activities 1: Interactions and Force

57
dang %

2% Does the behavior of the cart agree with the prediction you made at the
beginning of this experiment?

Simulator Exploration #3: How does your thinking compare to scientists’
models?

STEP 1: On the right is a speed-time speed of Gart vs Time
graph taken from an I&M Simulator set- | z00.0{*™*

up that models the experiment in
which you pushed the cart two or three | 200.01

times. : o
100.0 4
22 Indicate the periods on the speed- 00 Lec
time graph when you think the 0020 40 ED &0 i 12
cart in the simulator was being force on Cart ve Time

pushed. How do you know? ]

SEC
T EEER!

N

The I&M Simulator can also “measure’ the force acting on the cart in the
simulator model. On the blank force-time graph above, sketch how you
think the force acting on the simulator cart varies (if at all) during the
same 12-second time period shown on the speed-time graph. (Note: It is
only the shape of the graph that is important for now, so no values for
the force are shown.)

?O Explain the reasoning that led you to draw your force-time graph the
way you did.

2-9



Chapter 2

(gt ]
s 1
FLEry

STEP 2: Open the simulator set-up file for
this activity. The set-up shows a cart on a
track, together with speed-time and force- .y, T

time graphs. e

While the simulator is running you can give the cart a “push’ by pressing on
the spacebar of your computer keyboard. The push will continue (at a
constant strength) as long as you hold the spacebar down. The simulator will
stop on its own after 12 seconds.

Run the simulator a few times peed of Cart vs Time [Cle]
(remember to click ‘rewind’ to get 300.0 {“™/®
back to the start) and check that you
understand how the spacebar ‘push’ 200.04
works. When you are ready, try to
produce a speed-time graph as close

to that shown in STEP 1 as you can.

100.0 4

0.0 SeC
“0.0 20 40 60 &0 100 12.0

© , force on Cart vs Ti E0
= Sketch the speed-time and force- B

time graphs from the simulator.

&

=%  During the periods when the
simulator cart was Dbeing
‘pushed” was there a force acting -
on it? What evidence from the 0.0 20 40 60 80 100 12.0
simulator graphs supports your
idea?

aang 3

B During the periods in between the pushes, was there a force acting on

the simulator cart? Again, what evidence from the graphs supports your
idea?

%
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STEP 3: Run the simulator again, but this time

hold the spacebar down to apply a bush e
continuous constant strength force to the NS
cart. (As the fan unit did to the real cart.)

peed of Cart vs Time E0
cm/'s

Sketch the speed-time and force-

time graphs from the simulator. 300.01

a2 200.0

N

=% Based on the evidence you have
gathered in this activity, what | 1ppp.-
happens to the speed of an object

while a single force is acting on it 7o

0.0 —————r———r——————
oo 20 40 60 B0 100 120

in the same direction as its motion?
force on Cart vs Time EO

s5eC
00 2.0 40 60 80 100 12.0

Forces and Force Diagrams

The pushes you used in this activity are examples of forces. Whenever one
object is pushing or pulling on another object we say it is exerting a force on
the other object. This means that the pushes and pulls you used in Chapter 1
to investigate contact push/pull interactions could also be described in terms
of forces exerted on the cart by a person or another cart.

Just as with the energy description of contact push/pull interactions you
developed in Chapter 1, we can also draw a diagram to help us analyze and
explain the force description of the same interactions. In such a force
diagram, we identify the object of interest and all the forces (pushes and
pulls) being exerted on it by other objects at a particular moment in time. We
represent these forces with ‘force arrows’ on the diagram, which are labeled
to show what they represent. For example, the force of your hand pushing the
cart could be represented like this:

2-11
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Force exerted on

cart by hand ; —

As you might expect, the direction of these force arrows indicates the
direction of the forces they represent. In addition, the length of the arrows
indicates the relative strengths of the forces. So, for example, if you pushed
the cart in the other direction, with a stronger push, the force diagram would
look like this (note the longer arrow):

Force exerted on

; E cart by hand

Notice that the force diagram shows only one of the objects involved in the
interaction (the cart), and that the other object involved (the hand) is only
mentioned in the labeling of the arrow representing the force it is exerting. In
this sense these force diagrams are very like the Input/Output (I/O) energy
diagrams you drew at the end of Chapter 1.

The strength of a force is measured in units of newtons (N), named in honor
of Sir Isaac Newton, a famous English scientist you will learn more about
later on. Sometimes it may be necessary to add information on the strength of
a force to a force diagram. For example, if a hand pulls on a cart with a force
of 2 N, that would be represented by the following diagram!:

Force exerted on cart
by hand

Sl

1 As you saw in Chapter 1, a push and a pull of the same strength have exactly the same
effect on the motion of an object. Thus we could equally well represent this pull to the right
using exactly the same force arrow as we would use for a push to the right. Since the effect is
the same, distinguishing between pushes and pulls is simply a matter of choice. In this
course, we will always draw force arrows on the side of the object from which the force is
applied. Hence, a push will always be represented by a force arrow pointing toward the

object, and a pull will always be represented by an arrow pointing away from the object.
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Activities 1: Interactions and Force

Finally, if the object we are concerned with is in motion at the moment in time
for which we are drawing the force diagram, it is sometimes important to
know in which direction the object is moving. We can show this by drawing a
speed arrow above the object (just like the speed arrow in the I&M Simulator).
(We use a half-arrow so as not to confuse it with the force-arrows, since it
represents the speed of the cart, not a force acting on the cart.) The length of
the speed arrow represents the relative speed of the object. For example,
when you gave the moving cart a push in the same direction as its motion,
the force diagram for a moment in time during your push would look like
this:

Note that the speed arrow only tells about the speed of the object at the
particular moment in time for which the force diagram is being drawn. It
does not tell anything about whether the object’s speed is in the process of
changing, or whether it is remaining constant.

You may have noticed that all the situations discussed above show only one
force acting on the cart. It is certainly possible for more than one force to act
on an object at the same time, but it is important to understand the effect of a
single force before considering situations involving multiple forces. Thus, in
the first few activities in this chapter, you will study the effect that a single
force has on an object.

Comparing Force and Energy Diagrams

To help you start thinking about how force and energy ideas of describing
contact push/pull interactions relate to each other, consider the situation of a
stationary cart that is given a quick shove with a hand to start it moving.
Shown below is a timeline of I/O energy diagrams showing how the energy
transfer to the cart and changes in its kinetic energy are related to the
interaction.

57
dang %

=% Below the energy diagrams are three pictures of the cart. Use these
pictures to draw force diagrams, representing the force (due to the

2-13
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contact push/pull interaction between the hand and the cart) acting on
the cart at the same three points in time as the energy diagrams. (Be sure
to include force and speed arrows as you think appropriate. However, if
you think there is no force acting at a particular time, then do not draw a
force arrow.)

Time
Before Interaction During Interaction After Interaction
Contact PushPull Interaction
Mechandcal
Cart Rn,p:'!g!.' Cart Cart
I
i B ... - i i .\.H\'
[ Mo lkdbes i “I'I e ﬁﬁr m | Some kinetie
| energy \  eowpr encrgy

Summarizing Questions

S1: If a cart is at rest and a single force acts on it, what happens? If the same
force continues to act on the cart what happens to the cart’s speed?

§2: In general, during the time a single force with a constant strength acts
on a moving object, in the same direction as its motion, what is the
object’s motion like? (Does it move at a constant speed, does its speed
continuously increase, or does the speed only increase at first and then
become constant after a short time?) What evidence from this activity
supports your thinking?

2-14
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S3:

S4:

S5:

Sé6:

When you were using your finger to try to push the cart with a constant
strength force, you probably noticed the cart was ‘getting away’ from
you. (If not, try it again.) Why do you think the cart behaved in this
way?

Suppose that, while the cart was being pushed along the track by the fan
unit, a wire suddenly broke so that the fan unit stopped pushing on the
cart. What do you think would happen to the speed of the cart? Explain
your reasoning.

When you gave the cart a quick shove, at what moment do you think the
force of the hand stopped acting on the cart? What evidence from this
activity supports your idea?

During a contact push/pull interaction, what do you think is transferred
from the source to the receiver: energy, force, both, or neither? Explain
your reasoning.

Participate in a whole class discussion to go over your answers to the
Summarizing Questions and force diagrams.

2-15
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Writing Scientific Explanations using Force Ideas

As previously stated, the contact push/pull interactions you are examining in
this chapter are the same as those you were introduced to in Chapter 1.
However, whereas in Chapter 1 you described these interactions in terms of
ideas about energy transfers and changes, in this chapter you are developing
ideas about forces and their effects that allow you to think about these same
interactions in a different way.

The process of writing scientific explanations of phenomena using force ideas
is very similar to the process you used in Chapter 1 when using energy ideas.
However, instead of drawing an energy diagram, you should draw a force
diagram. Also, instead of writing a narrative that describes the behavior of an
object in terms of energy transfers and changes, you should do so in terms of
the forces acting on the object and the effect they have on its motion (if any).
When writing your scientific explanations (or evaluating those of others) you
should keep in mind the criteria of accuracy, completeness, logical reasoning and
clarity introduced in Chapter 1.

To illustrate the similarities
between energy-based and force-
based explanations, consider the
following two parallel \

explanations of why a stationary

cart begins to move when it is

given a quick push by someone’s
hand.

Note: These explanations do not mention friction since we have not yet
considered its effects in developing our ideas about forces. However, since we
are dealing with a low-friction cart it can be assumed that the effects of
friction are negligible.

2-16
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Explanation: Why does a stationary cart begin to move when it is

pushed?

Describe the situation using a diagram:

Energy Diagram

Comtact FushPull Intersciion
Mlechamnical ’ )
Enerpy / it

| e iy
inetic
ENCTEY

Force Diagram

—>

Write the narrative:

During the contact push/pull interaction
between the hand and the cart, there is a
transfer of mechanical energy to the cart.
According to the idea of Conservation of
Energy, since there is no energy output, this
input of energy must be accounted for
completely by an increase in the kinetic
energy of the cart. Since the cart is initially
at rest, this increase in kinetic energy means
that the cart starts moving.

The only force acting on the cart is that
exerted by the hand. When a single
force acts on an object at rest, the
object starts to move in the direction of
the force, so the cart starts to move in
the direction of the force exerted by
the hand.

So one explanation says that the cart starts to move because Conservation of
Energy suggests that the mechanical energy input to the cart results in an
increase in its kinetic energy, while the other says it moves because the hand

exerts a force on it during the interaction between them. Which explanation is
better? They are both good - they are just two different ways of looking at the
same interaction, one based on the ideas of energy, the other on the ideas of

forces. Further, as you are seeing in this activity, though these two sets of
ideas are different, they are closely related.

The previous explanation was meant to show you how both energy and force
ideas can be used to explain the same phenomenon. For the remaining
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explanations in this Chapter you should consider, and use, only force ideas.
In this activity you saw that a cart with a fan unit attached started to move
when the fan was turned on, and continued to speed up as it moved along the
track. You should now use a general idea you developed about force and
motion in this activity to write a scientific explanation for why this happened
in this particular case.

Explanation: Why did the cart with a fan-unit attached continue to
speed up as it moved along the track?

Describe the situation using a diagram: (Draw a force diagram for the cart
while it is moving along the track and being pushed by the fan unit.)

= »
e

Write the narrative: (Use the general idea you developed in this activity
about what happens to the speed of a moving object when a continuous force
acts on it in the same direction as its motion.)

# Participate in a class discussion about this scientific explanation.

2-18



CHAPTER 2
Developing Ideas

ACTIVITY 1 HW: Pushing a Skateboarder

Name: Date: Group:

Purpose

In this homework activity you will practice using your developing ideas
about how the motion of an object is related to the force acting on it.

Initial Ideas

Imagine you see your friend coasting toward you on his skateboard. (How he
started moving is not a concern here.)

* From the moment you first see him it takes 4 seconds for him to reach you.
* As he reaches you, you begin to push him in the same direction as his
motion, with a constant strength push. You continue to push in this way,

moving with him, for a further 4 seconds, and then you stop pushing.

* Your friend continues to move, coasting in the same direction, for yet a
further 4 seconds.

e ==

?D What do you think the motion of your friend would be like (speeding
up, slowing down, or constant speed) during each of the 4-second
periods described above? Would they all be the same or would they be
different? Explain your reasoning. (Note: Assume the skateboard is well
lubricated, so that the effects of friction between the parts of the

skateboard and between the skateboard and ground can be ignored.)

© 2008 PSET 2-19
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=
D Sketch what you think the
speed-time and force-time

graphs for your friend would
look like for the whole 12-
second period described
above. (You do not need to
worry about particular values ool L L L1 1111 [ ]| sc
for the speed and force. However, 0.0 2.0 40 60 80 100 120
you do need to pay attention to force on Skateboard vs Time [[e
the time axis so that any N
corresponding ‘events’ in the
two graphs line up with each
other.)

0

Explain why you drew the dac
0.0 +——————————1———
graphs the way you did. 0.0 20 40 60 80 100 12.0

0

Using the pictures of the skateboarder below, draw a separate force
diagram for each indicated moment in time. (Use your predicted speed-
time and force-time graphs above to guide you.) Be sure to include both
speed arrows of appropriate lengths and any force arrows you think are
appropriate.

2 seconds 6 seconds 10 seconds
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Activity 1 Homework

Collecting and Interpreting Evidence

Briefly explain your force diagrams and how the speed arrows and force
arrows (if any) you drew on all three diagrams correspond to your
predicted speed-time and force-time graphs.

Simulator Exploration. Now open the I&M Simulator set-up file for this
homework assignment in your web-browser. (See the earlier handout for

details on how to do this.) This set-up is very similar to those you have
already seen in class; you can apply a force to the ‘skateboarder’ by holding
down the spacebar on the keyboard.

Before running the simulator describe how you propose to use the
spacebar to reproduce the pattern of forces you drew on your force-time

graph.

Now run the simulator and
apply the ‘spacebar’ force as
you described above. Sketch the
speed-time and  force-time
graphs  produced by the
simulator model.

Does the pattern of forces you
applied in the simulator model
produce a speed-time graph
that agrees  with  your
prediction? (Remember, only
the shape of the graph is
important.)

52C

" 40 60 80 100 120

0.0

sec

0.0

2.0

40 60 80 100 12.0
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If not, return to the simulator and experiment to try and understand
why this is. Explain any new ideas you may have.

Look back at the three force diagrams you drew for the skateboarder
before using the simulator. Are the force arrows you drew consistent
with the simulator model results? If not, describe how you would
change the force arrows and why.

Looking at the same three force diagrams, are the lengths of the speed
arrows you drew consistent with the speeds shown by the simulator
speed-time graph? If not, describe how you would change the speed
arrows and why.

Summarizing Questions

Answer these questions as part of the homework assignment. Be prepared to
add any different ideas that may emerge during the whole class discussion.

S1:

During which period(s) of time was mechanical energy being transferred
to the skateboarder? (Before he interacted with the person pushing him,
during the interaction, after the interaction, more than one, or all of
these.) How do you know?
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§2: During which period(s) of time was a force acting on the skateboarder in
the same direction as his motion? (Before he interacted with the person
pushing him, during the interaction, after the interaction, more than one,
or all of these.) How do you know?

S$3: Suppose you are watching an ice-hockey game. As the puck is sliding
across the ice at a relatively constant speed, it passes close to a player,
who hits it (with his stick) in the same direction as it is already moving.
After the hit, you notice that the puck is moving much faster than it was
before the hit. Use your ideas about forces to write a scientific
explanation for why the puck’s speed is greater after the hit than it was
before.

Explanation: Why was the puck moving faster after being hit?

Describe the Situation using a diagram: (Draw a force diagram for the puck
during the interaction that made the speed change. Remember to include
speed and force arrows and label them as you think appropriate.)

Write the narrative: (Use ideas about forces to connect the increase in speed
to the force acting on the puck during the hit.)
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Unit 2
LEPS LESSON 1: Interactions and Force

Purpose and Key Questions

When one object pushes or pulls on another object scientists
say it is exerting a force. For example, when a soccer player
kicks a ball we say that the foot exerts a force on the ball. In
this unit we will be investigating the effects that forces have
on the motion of objects. We will start by examining how we
can recognize when a force is acting on an object, and when
it is not.

The key question for this lesson is:

When does the force of a quick push stop acting on an
object?

Predictions, Observations and Making Sense

PART 1. Think about a hockey player hitting a stationary puck. Because of his
interaction with it, the ball starts to move, and slides across the ice

0

7 A speed-time graph for the hockey puck is shown on the next page.
Discuss with your neighbors over what period on the graph you think
the force caused by the stick is acting on the puck. Which labeled point
on the graph is closest to your idea about when the force of the stick stops
acting on the puck? Explain why you chose that particular point.

© 2011 LEPS 2-1
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CQ 1-1: Which point on the graph is closest to
where you think the force of the stick stopped
acting on the puck?

Speed versus Time
C b,
= B .
A
A. PointA . .
B. PointB Time .
C. PointC
D. Not until the puck stops
PART 2. Your instructor Speed versus Time

will show you an
experiment involving a _
low-friction cart on a S—
track. The cart will be

given a gentle push to I\J

start it moving and then,
while it is moving along

Speed

the track, it will be given

some more quick taps in Time
the same direction as its

motion. Its speed time
graph. Measured with a
motion sensor, should
look similar to this.

) Highlight the sections of the speed-time graph in which you think the
hand was in contact with the cart. Why did you choose these sections?
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Lesson 1: Interactions and Force

0

When do you think the force caused by the hand is acting on the cart in
this demonstration? Is it acting the whole time the cart is moving, or
only during certain periods? Suppose you could measure the strength of
this force while the cart is moving, which of the force-time graphs
shown below best represents your thinking? Discuss this question with

you neighbors and record your reasoning below.

CcQ1 2 WhIChf rce-time graph best represents

g abo

LI A A B

on the cart?

it the force of the hand acting

UI&JH

W ull lu

Force

Q

Spesd

(=]

Speed vs Time

e

0.0 1.0 2.0 3.0 4.0
Time (s)

Force vs Time

1

0.0 1.0 2.0 30 4.0

Time (s}

A

Speasd

(=]

Force

Speed vs Time

o~

0.0

1.0 2.0 3.0 4.0
Time (s)

Force vs Time

0.0

S
1.0 2.0 3.0 4.0
Time (s)
B

Force

(=]

Spesd

(=}

Speed vs Time

===

0.0

1.0 2.0 3.0 4.0
Time (s)

Force vs Time

NN

1.0 2.0 3.0 4.0
Time (s)

C
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Snder

Your instructor will show you an experiment in which the strength of the
force applied to the cart by the hand is measured.

Which of the options in the question above most closely corresponds to
the data recorded in the experiment?

PART 3. Now discuss the following questions with your neighbors.
Remember to base your answers on the evidence from PART 2.

(5t
ang b
e

Sy
Er )

(5t
ang b
Snger

33
Eri=]

57
a3y
4137
[=p=1,5]

What happened to the speed of the cart while the hand was interacting
with it? Did it increase quickly, decrease quickly, or remain reasonably
constant? Why do you think this was?

Did the hand exert a force on the cart while it was interacting with it?
How do you know?

What happened to the speed of the cart during the periods in between
the pushes? Did it increase quickly, decrease quickly, or remain
reasonably constant? Why do you think this was?

Did the force caused by the hand continue acting on the cart after it had
lost contact? Again, how do you know?
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Lesson 1: Interactions and Force

Summarizing Questions

1. Do you think the force of the hand was transferred from the hand to the
cart during the push, and then continued to act on it after contact was
lost? What evidence supports your thinking?

2. At what moment do you think the force of the hand ceased to act on the
cart? Explain your thinking!

3. The question below was asked previously at the beginning of this activity.
What would be your response now? If your thinking has changed, make a
note of your reasoning below the question.

CQ 1-3: Now which point on the graph is closest to
where you think the force of the stick stopped
acting on the puck?

Speed versus Time
C By
= B .
A

A. PointA

B. PointB Time

C. PointC

D. Not until the puck stops
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. The key question for this activity was:

When does the force of a quick push stop acting on

an object?

Make sure you can answer this question using ideas that are supported by
evidence from this activity.
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Slide 2 - Introduction

UZLO1THW

[ntroduction

LEPS

FPushes, such as those used in the demaonstrations you have seen, are examples of farces. WWhenever one object is pushing ar
pulling on another object, we say it is exerting a force on the other object. Motice that this means the pushes and pulls you saw
in Unit 1 when considering contact push/pull interactions could also be described in terms of farces exerted an the cart by a
person or another cart.

Just as with the energy description of contact push/pull interactions you saw in Unit 1, we can also draw a diagram to help us
analyze and explain the force description of the same interactions. In this homework activity you will be introduced to such
farce' diagrams.

Back H Continue
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Slide 3 - Force diagrams - pushing

Force Diagrams - Fushing a cart

In a force diagram, we identify the ohject of interest and all the farces (pushes and pulls) being exerted an it by other objects at
a particular moment in time. \We represent these forces with force arrows' drawn on the diagram, which are labeled to show
what they represent. For example, the force of your hand pushing the cart would be represented like this:

Force exerted on

cart by hand _
“’\f_\-'ii' il hﬂ ;7

Matice that the force diagram shows only one of the objects invalved in the interaction (the cart), and that the other object
involved (the hand) is only mentioned in the labeling of the arrow representing the force it is exerting.

Back H Continue
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Force Diagrams - Fushing a cart

Force exerted on

cart bz hand I ; i

Mow suppose you gave the same cart a harder push back along the track in the opposite direction. Which of the force diagrams
da you think conwveys the information that the second push was bath harder than before and in the opposite direction?

It would be useful if our force diagrams gave us some information about how strong the forces acting on an ohject are and in
which direction they act. A5 shown on the previous page, a gentle shove to the right could be represented by this force diagram.

one answer. To remove a single selection, click onthe
marker again. To remove all selections, click the clear button.

Hot Spot Force exerted on Hat Spufmm exerted on Hat. sharce exerted on
' - and -7 e 5 E0rt by hand -4—;:'_&24? “c@d} by hand
—i {x: 5 —i EX:W- . p
A B C
Click on the entity of your choice. You may select more than .
Review Area

You must answer tH8areEtion before continuing

(#:964; ¥:448)

Clear ][

Skip ][ Back ][ Continue
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Force Diagrams - Fushing a cart

It would be useful if our force diagrams gave us some information about how strong the forces acting on an ohject are and in
which direction they act. A5 shown on the previous page, a gentle shove to the right could be represented by this force diagram.

Force exerted on

cart bz hand I i ;

Mow suppose you gave the same cart a harder push back along the track in the opposite direction. Which of the force diagrams
da you think conwveys the information that the second push was bath harder than before and in the opposite direction?

Force exerted on Force exerted on Foree exerted on

and cart by hand . cart by hand
_i:m _Hv—w _i'—'wh
A B

C

Feedback: Choices A or C would both be appropriate, since increasing the length or thickness of the arrow would both be
reasonable ways to show that the force is stronger. Howewer, because it easier to drawe, we will choose to represent the
relative strength of forces using arrows of different length rather than different thicknesses.

Back H Continue
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Force Diagrams - Linits of force
The strength of a force is measured in units of newtans (M), named in honar of Sir Isaac Mewton, a famous English scientist you
will learn more about later on. It would take a force with a strength of about one newtaon to lift up a 4-pack of AL batteries.

Sometimes it is useful to add information on the strength of a force to a force diagram. For example, if a child pushes on a toy
train (with their hand) with a force strength of 2 M, that would be represented by the diagram below.

&2 Force exerted on toy
— b child’s hand

ERR

Back H Continue

Page 6 of 16



U2LO01HW Monday, October 10, 2011

Slide 7 - Force diagrams - pulling

Force Diagrams - Pulling

Instead of pushing, another way to exert a farce an an object is to pull an it.

- Force exerted on toy
| - by child's hand

ZM

If the diagram shown above represents the child pushing the tay train to the left with a force of 2 M, which of the diagrams do you
think best conveys that the chiln:l i pulling in the same direction with a force strength of 3 N?

Force exerted on toy - Force exerted on foy
by child's hand |, S|:u:ut | = Haf 2P0k d's hand
A B W
W? Vo4 o0l V:24§]|\|
Force exerted on toy (B - Force exerted on foy
by child's haniot Spot ge! " | - H s hand
3Ppwas; vias C D B00; 1335 ),
J
Click on the entity of your choice. You may select more than e
one answer. To remove & single selection, click on the You must answer tHS1EreSSlon before continuing
marker again. To remove all selections, click the clear button. (#id464; Yi443)
IFII} Clear ][ Skip ][ Back ][ Continue
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Force Diagrams - Pulling

Instead of pushing, another way to exert a farce an an object is to pull an it.

- Force exerted on toy
| - by child's hand

ZM

If the diagram shown above represents the child pushing the tay train to the left with a force of 2 M, which of the diagrams do you
think best conveys that the chiln:l i pulling in the same direction with a force strength of 3 N?

Force exerted on oy i) Force exerted on tov
by Chl|d$ hand W ]
by child’s hand

Force exerted on toy
by child's hand

3N | C

Force exerted on foy
by child’s hand

IN

Feedback: Choices B and C both show a longer arrow, representing a stronger force being exerted in
the same direction, and as you saw in Unit 1, a push and a pull of the same strength have the same
| effect on the motion of an object. However, we will always draw farce arrows on the side of the object
frorn which the force is applied. Hence, a push will always be represented by a force arrow pointing

toward the object, and a pull will always be represented by an arrow pointing away fraom the object. With

this in mind, chaoice C is the most appropriate. Back ] [ Continue
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Force Diagrams - More than one force

separate arrows to represent each force.

Later in this unit you will look at situations in which more than one force is exerted an an object. In such a case we draw

Suppose two people are trying to move a heavy sofa. One pushes on it with a force strength of 75 M while the other pulls it in the
same direction with a force strength of B0 M. Which of the diagrams best represents these forces?

Force exerted on
couch by second person

Farce exerted on Force exerted on
couch by first person couch by first person
Farce exert ed on
T8N TSN couch by second person
Haok Spok
G A B (409 x 129)

Qi

Force exerted on

Force exerted on .
Hok Spat cauch by second person 75N

(362 x 130)
B0 M C

TEM

Force exerted on
couch by first person couch by first person

Force exerted on
couch by second person

Click on the entity of your choice. You may select more than
one answer. To remove a single selection, click onthe
marker again. To remove all selections, click the clear button.

[ Help

Review Area

You must answer tH8areEtion before continuing
(%:464; Vi448)

Clear ][ Skip ][ Back ][ Continue
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Force Diagrams - More than one force

Later in this unit you will look at situations in which more than one force is exerted an an object. In such a case we draw
separate arrows to represent each force.

Suppose two people are trying to move a heavy sofa. One pushes on it with a force strength of 75 M while the other pulls it in the
same direction with a force strength of B0 M. Which of the diagrams best represents these forces?

Farce exerted on Force exerted on
couch by first person couch by first person
Force e<ert ed on
Tam Ta5 M

couch by second person

—r

aon

a0M

) B

Force exerted on
couch by second persen

Force exerted on Farce exerted on
couch by first person couch by first person
Force exerted an Foree exerted on
75N cauch by second person 75N couch by second person

P

60 M

Gl C D

B |

Feedback: Choice B is most appropriate for this situation since it shows a push and a pull of appropriate strengths both acting
in the same direction.

Back H Continue
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Force Diagrams - Diagrams for objects in motion

Finally, if the object is maving at the moment in time for which we are drawing the force diagram, then it is impartant ta knaw in
which direction. YWhen this is the case, we can show this by drawing a speed arrow above the object. YWe use a half-arrow (just
like the speed arrow you saw in the &M Simuwiator in Unit 1) 5o as not to confuse it with the farce arrows, since it represents the
speed of the cart, not a force acting on the cart. For example, when the moving cart is given a push in the same direction as its
moation, the farce diagram looks like this:

Force exerted on _

cart by hand : ;

Mate that the speed arrow only tells about the speed of the object at the particular moment in time far which the force diagram is
being drawn. It does not tell anything about whether the object's speed is in the process of changing, or whether it is remaining
constant.

Back H Continue
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Uiz - Infroduction

‘ou should answer the following guestions based on what you learned during this homewaork activity. Repart your answers
separately according to the instructions given you by your instructor. Keep this homework open in a separate browser window
until yau finish answering all the guestions.

Back H Continue
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Uiz - Question 1
A moving cart is given a push by someane's hand so that a force is exerted an
it. The farce diagram for a moment in time while this force is acting is shown Force exerted on LY
here. Several seconds later it is observed that the cart is still moving, but cart by hand
measuraments show that the force of the hand is no longer acting on the cart. .'-"-H_,. ,_,H- :
Which of the farce diagrams below would be most appropriate for the cart at
this later morment in time?
A Force exerted on
cart by hand
> -
B) Force that was exerfed — —————W
on cart by hand
> =
) o
..H'_ e
Back ] [ Continue
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Uiz - Question 2
A child's sled is sliding across a frozen lake toward a patch of thin ice. To try and prevent this, you lassao the sled and pull on
the rope in the opposite direction to its motion to try and slow it down.

Which of the diagrams below would best represent this situation, assuming it is for a morent in time before you successfully
brought the sled ta a stop?

p
Ferce exerted on

'ﬂ"j m sled by rope

Force exerted on Y S

Bj sled by rope E E

C
j _— Force exerted on
t‘”‘ sled by rope
L
D) — Force exerted on

KE sled by rope
—

Back H Continue
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Uiz - Question 3

certain morment in tirme during their struggle, the force diagram for the toy looks like this.

Force exerted cn
tey by Sco tt

Force exerted on
toy by Cindy

PrE—

Which of the following staterments best describes what this force diagram represents?

A) Scott is pulling harder than Cindy, and the toy is moving toward him at this particular moment in time.
B} Cindy is pulling harder than Scott, and the toy is moving toweard her at this particular moment in time.
C) Cindy is not pulling as hard as Scott, but the toy is moving toward her at this particular moment in time.

D At this particular morment in time Scott and Cindy are pulling equally hard, so the toy is not moving.

While arguing over who owns a toy, twa children, Cindy and Scott, bath grab it and engage in a 'tug-ofwar’ over it. At one

Back

] [ Continue
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Force Diagrams - Conclusion

In Unit 2 you are developing ideas about how the motion of an object is related to the farces being exerted on it. Therefare, farce
diagrams are useful tools since they allow you to represent the forces acting on an object and its mation at the same time. As
you progress through Unit 2, you will see many farce diagrams, as well as draw some of yaur own.

At this early stage in the unit, you may still be developing your ideas about what a farce is and how to recagnize when a force is
being exerted on an object. Howewer, you can still use force diagrams to represent your thinking and quickly compare your ideas
with ather students.

ou can download and keep a document that summarizes the ideas about farce diagrams you have seen in this hamewark
assignment.

Back H Continue
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Unit 2

LEPS LESSON 2: Motion and Force

Purpose and Key Questions

In the first lesson of this unit you thought about the force exerted on an object
during a quick push. However, when such a quick push is used to start an
object moving, is there still a force pushing the object forward after the initial
push is over? This is the question you will consider in this lesson.

continues to move. Does this continued motion mean
that there is still a force pushing the ball forward or is it — |
possible for the ball to keep moving forward withouta — %

force pushing it in that direction? %

For example, after you kick a soccer ball, the ball (-

The key question for this lesson is:

When an object is moving, does this mean there must
be a force pushing it in the direction of its motion?

Predictions, Observations and Making Sense

PART 1. Think about giving a low friction cart a quick push on a level track
so that it keeps rolling along the track after your push.

\( 7
\!

—_—

E‘i

Three students are discussing the motion of the cart and the force acting on it.
They all agree that while the hand is pushing the cart there is a force acting on
it, but have different ideas about whether a force is still pushing the car
forward after the hand has lost contact with it.

© 2011 LEPS 2-7
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The force caused by the /The force of the hand\ .
hand is transferred to the stops when contact is After contact is lost
there are no longer any

forces pushing the cart
forward. That's why it
stops speeding up.

cart and is carried with it.

lost, but some other
force must be acting
to keep the cart
moving forward.

That's why the cart keeps
moving forward after the

Samantha Victor

Yda

@ Discuss the students” ideas with you neighbors, decide who you agree
with (if any) and note your reasoning below the question. Then
participate in the class vote and discussion.

CQ 2-1: In the discussion between three students about the force acting on
the cart after the quick push, whom do you agree with?

a. Samantha

b. Victor

c. Amara

d. None of them

2-8



Lesson 2: Motion and Force

PART 2. In this lesson we will use the I&GM Simulator to compare your
thinking to that of scientists.

On the right is a speed-time graph peed of Cart vs Time ED
taken from an I&M Simulator set- 150.0 4 EM/5

up that models the demonstration

from Lesson 1 in which you saw a 1001

cart being given two or three

successive pushes. (Note: the 50,0

effects of friction are ignored in this

setup.) 0.0 seC

0.0 2.0 40 60 80 100 12.0

2% Indicate the periods on the speed-time graph when you think the cart in
the simulator was actually being pushed forward by someone’s hand.
How do you know?

53,
L

=% In between your marked sections, do you think there is still a force
pushing the cart forward? Why do you think so?

.Y

The I&M Simulator can also ‘measure” ALL the forward forces acting on the
cart in the simulator model. It does this by displaying a force-time graph that
shows the strength of any and all forces pushing the cart forward as it moves.
(During any period when there is a force acting on the cart, the graph will
show a non-zero value. During any period when there is no force acting, the
graph will show a force strength of zero.)

On the next page are three suggestions for what the force-time graph for the
cart would look like as the cart moves along the track, producing the speed-
time graph shown above.
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Discuss these force-time graphs your neighbors, decide which one best
represents your thinking, and note your reasoning below the question.
Then participate in the class vote and discussion.

CQ 2-2: Which force-time graph best represents your
thinking about the force pushing the cart forward as it
moves along the track?

| speedof Castwa Time (7| [ speedofCartwsTime L0 | speedofCanwTime O]

150,04 ™% 150,04 150.0 €™/3

1000 1000 160.0
50.0 s00) 50,04
0.0

00 20 40 B0 B0 100 120 D 20 40 60 B0 100 ]20 0.0 ?D 40 60 B0 100 1!0

| foceonCartvsTime  E30]

i f MﬂL

00 20 40 60 &0 100 120 G0 20 40 &0 B0 100 120 0.0 2.0 40 60 8.0 10.0 120

Your instructor will now run the I&M
Simulator, to compare the class’ ideas with
those scientists’ ideas upon which the p,.y
)

simulator model is based.

While the simulator is running the cart will be given some shoves (by
pressing on the spacebar of the computer keyboard). Each shove will
continue (at a constant strength) as long as the spacebar is held down.

Which of the force-time graphs in CQ 2-2 (above) looks most like the
simulator result?

2-10



Lesson 2: Motion and Force

PART 3. Now discuss and answer the following questions with your
neighbors. Remember to base your reasoning on the evidence you have seen.

(5t
ang b
Lhdrel
-

2% During the periods when the simulator cart was being given a shove
was there a force pushing it forward? What evidence from the simulator
graphs supports your idea?

57
dang %

2% What action in the real world do these simulator shoves correspond to?

57
a3y

S

2% During the periods in between these simulated shoves, was a force
pushing the cart forward? Again, what evidence from the graphs
supports your idea?

Summarizing Questions

1. While the simulator cart was moving along the track was there a force
pushing it forward the whole time or only at certain times? What evidence
supports your answer?

2. During a contact push/pull interaction, what do you think is transferred
from the source to the receiver: energy, force, both, or neither? Explain
your reasoning.

2-11
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3. During the periods while the simulator cart was being given a shove its
speed was increasing. In between these periods its speed remained
constant. Why do you think there is this difference

4. Which of the speed-time graphs in the question below would be produced
by the given force-time graph?

CQ 2-3: Suppose the force time R
graph for a simulator cart looked like
this. Which of the speed-time
graphs below could be produced by
applying a single force in this way? B AR R ST

A B C

00 sec 0.0 sec 0.0 T T T fec
00 20 4D 6O 80 100 130 00 20 40 60 80 100 12.0 00 20 40 60 80 100 120

5. The key question for this lesson is:

When an object is moving, does this mean there must
be a force pushing it in the direction of its motion?

Make sure you can answer this question using ideas that are supported by
evidence from this activity.
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B) Sounds good.

You must answer the question before continuing

Page 1 of 13
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LEPS _ :
Felating ldeas About Force and Energy - Introduction

In Unit 1, you developed ideas to explain the behavior of abjects during contact pushfpull interactions in terms of a transfer of
mechanical energy from one interacting ohject to the other. In Unit 2, you are developing ideas that will help explain the same
interactions in terms of the force that ane of the interacting objects exerts an the other.

This homework activity will help you begin ta think about how these two different ways of thinking about contact push/pull

interactions are related to each other. ¥ou will also consider how students' prior knowledge (ideas they bring into the classroom
with them that are based on earlier experiences) can affect how they interpret new infarmation and thereby affect their learning.

Page 2 of 13
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the interaction.

Felating ldeas About Force and Energy - Fushing a cart

Time

Beifore Interachion

Cart
|
~

Mo bt ic
BTy

Dunng Interaction

Confact Inferaction

Mechanical tat
Enargy

I ease in
Lol
ATy

After Inleracion

Oin the following pages, you will select force diagrams that correspond ta these Y0 energy diagrams.

Cansider the situation of a stationary, low-friction cart that is given a quick shave with a hand to start it moving. Below is a
timeling of /0 energy diagrams that show how the energy transfer to the cart and the changes in its kinetic energy are related to

Back H Continue
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Slide 4 - Force and energy - Before an interaction

Felating ldeas About Force and Energy - Eefore the interaction

Befare the interaction between the hand and the cart, the cart is sitting at rest on the track. Thus, as shown on the energy
diagram, it has no kinetic energy and no energy is being transferred to or from it.
Before Interaction

Which one of the force diagrams below would be appropriate for the cart in this situation? et

Force exerted on

Al cart bz hand t ; ;
0

Force exerted on —

Mo kinetic
energy

€l cart by hand ; ;
)| Click hoi fou must answer the guestion before cantinuing
— LCk on yoLUr Ccholce.
i_ﬁ.;"_{i Clear ][ Skip ][ Back ][ Continue
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Felating ldeas About Force and Energy - Eefore the interaction

Befare the interaction between the hand and the cart, the cart is sitting at rest on the track. Thus, as shown on the energy
diagram, it has no kinetic energy and no energy is being transferred to or from it.
Before Interaction

cart

Which one of the force diagrams below would be appropriate for the cart in this situation?

Force exerted on

cart bz hand t ; ;
7
Feedback: Choice B is the only appropriate

one. Since the cart is at rest, the diagram
Force exerted on S should not have a speed arrow, and since it

) cart by hand iz nat yet being pushed in any way, it should
M not have a force arrow either.

S N

0 ; i

Mo kinetic
energy

Al

Back H Continue
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Felating ldeas About Force and Energy - During the interaction

During the contact push/pull interaction between the hand and the cart, the cant begins to move. Thus its kinetic energy

increases while mechanical energy is transferred to it (from the hand).
Dwuring Interaction

Which one of the force diagrams below would be appropriate for the cart in Contact Push Pull Tnteraction

this situation? (Assume that the relevant moment in time is about halfway
through the period during which the hand is in contact with the cart.)

techanical
Energy

Cart

Force exerted on

Al cart bz hand t ; ;

Force exerted on 5
E)  cart by hand

i

Force exerted on —,

cart by hand ; ;

iZlick onyour choice.

Inmrease in
kinetic |
energy 4

fou must answer the guestion before cantinuing

D
——————— - = Clear ][ Skip ][ Back ][ Continue

Page 6 of 13



U2L02HW Monday, October 10, 2011

Slide 7 - Slide 7

Felating ldeas About Force and Energy - During the interaction

During the contact push/pull interaction between the hand and the cart, the cant begins to move. Thus its kinetic energy
increases while mechanical energy is transferred to it (from the hand).

Dwuring Interaction
Which one of the force diagrams below would be appropriate for the cart in Contact Pushe Pull Interaction
this situation? (Assume that the relevant moment in time is about halfway
through the period during which the hand is in contact with the cart.)

techanical

Energy Cart

Force exerted on

Al cart bz hand t i ;

Force exerted on 5
B) cart by hand

] Feedback: In this case, Choice C is the anly
_u appropriate one. Since the hand is in contact
with the cart at this point, it must be exering
Force exerted on h a force an it._ Further, since this is for a
marment in time about halfway through the

Inmrease in
kinetic |
energy 4

2 cart b}' hand . ] period of contact, the cart will already have
quf started maoving, so the diagram should have
a short speed arrow. Finally, the cart would
be moving in the same direction as the force
o) exerted by the hand.

Back H Continue
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Felating ldeas About Force and Energy - After the interaction

After the interaction between the hand and the car, the cart is maving along the track, so it has some kinetic energy, but since

no energy is being transferred to or fram it, its speed is staying constant.
After Interaction

Which one of the force diagrams below would be appropriate for the cart in this situation?
cart

Kimetic
energy

Slowly decreasing W

Bl force of hand I i i

Force of cart’s —

) !
motion ; ;
D) Force transferr Click on your choice. fou must answer the gquestion before cantinuing
to cart from har
I_ﬁal_fi - —'. Clear ][ Skip ][ Back ][ Continue
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Felating ldeas About Force and Energy - After the interaction

After the interaction between the hand and the car, the cart is maving along the track, so it has some kinetic energy, but since

no energy is being transferred to or fram it, its speed is staying constant.
After Interaction

Which one of the force diagrams below would be appropriate for the cart in this situation?
cart

—_—

Kimetic
energy

Slowly decreasing W

B force of hand Feedback: Choice A is the only appropriate
—_— one in this case. You saw in Lesson 2 that
after the hand has lost contact with the car,

Force of cart's | ¥ there are no longer any farces pushing it

forward. That's why it stops speeding up at

) motion Q n this point.

Force transferred

0 to cart from hand
M Back H Continue
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Uiz - Infroduction

‘ou should answer the following guestions based on what you learned during this homewaork activity. Repart your answers
separately according to the instructions given you by your instructor. Keep this homework open in a separate browser window
until yau finish answering all the guestions.

Back H Continue
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Uiz - Question 1
Shown to the right are the speed-time and farce-time graphs from a simulator. speed of Lant ve fime go
300.0 4 M7

YWhich of these staterments is consistent with what the graphs show is happening to 200,10 4

the simulator cart at t = 9 seconds? ] /"

A) Its kinetic energy is increasing and no force is acting on it. 100.04

B) ts kinetic energy is constant and no force is acting an it. - Lec

C) Its kinetic energy is increasing and a force is acting on it. 0.0 20 40 &0 &0 100 120

D} Its kinetic energy is decreasing and a force is acting on it. TOECElONkak ey SR ao
] SEC
00 20 40 60 &0 100 120

Back ] [ Continue
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Uiz - Question 2

Here iz a force diagram for a cart at a particular mament in time.

Force exerted on —\
cart by hand : ;

Aszsuming the same force continues to act, how will this cart's kinetic energy in a few seconds compare with its kinetic energy
nowe, and why?
Al Itz kinetic energy will be the same because the force stays the same.
B} It will hawve less kinetic energy because the force will slow it down.
) lts kinetic energy will be the same because no energy is being transferred to it.
)

0 It will have more kinetic energy because energy is being transferred to it.

Back H Continue
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Uiz - Question 3

Two students, Dave and Luisa, are discussing their ideas about how energy and force ideas are related to each other.

I think energy and force are both the same.
During @ comtact pushy/pull interaction both
energy and force are transferred from one
cbject to another. So. after I pushed the cart
it hod mare emergy and force than it had
before. but I have fess energy and force.

I don’t think they are the same. I think that
the force ix only there during the comtact
push/pull imteraction and thats when the
erergy s fransferred. When there &5 no
infaraction, there is no force, and 20 ne
transier of energy.

Dave Luisa
Which student's thinking does the evidence you have seen so far suppont?
Al Dave

B) Luisa

Back H Continue

Page 13 of 13



Unit 2
LEPS | | ESSON 3: Motion with a Continuous Force

Purpose and Key Questions

In Lesson 1 you saw the effect that quick pushes had on the motion of a cart.
This is like the situation in many sports, where the players move the ball (or
puck) around using quick pushes of their hands, feet, or a bat/racket of some
kind. Scientists call such quick pushes impulsive forces.

But what would the motion of an
object be like if a single
continuous, constant, force acted
on an object? By this we mean a
force that continues to act over a
long time period and whose

force on Cart vs Time [C|»

strength stays constant over that
period. Thus the force-time graph

would like that shown to the — | R
. oo 20 40 60 80 100 12.0
right.

For example, suppose your friend was standing
balanced on a skateboard and you pushed, and
kept on pushing, with the same strength force, in
the same direction. What would his motion be
like?

The key question for this lesson is:

How does an object move when a force of constant
strength continuously pushes it forward?

© 2011 LEPS 2-13



Unit 2

Predictions, Observations and Making Sense

PART 1: Imagine you had a low-friction cart
at rest, at one end of a track. Now, suppose
you were to interact with the cart by
pushing it continuously from behind with a
constant strength push. What do you think
its motion would be like?

Discuss your thinking with your neighbors, and decide which of the
graphs in the question below best represents your thinking. Make a note
of your reasoning below the question and then participate in the class
vote and discussion.

CQ 3-1: Which of the following speed-time graphs do you
think would be closest to that for the cart if it were
pushed along the track by a continuous, constant, force?

A B C

Speed versus Time Speed versus Time Speed versus Time

-
7

o {crmis)

Spead (cmis)
T,
Spasd {emis)

Spe

e 08 10 s 20 25 a0 “0c o5 45 45 =0 25 30 Yo as @ 15 2o 25 a0
Time (s} Time {s] Time (s}

PART 2. In order to test your thinking we will need to find a way to apply a
continuous, constant, force to a cart. We will first try doing this by pushing
manually, as we have before.

You instructor will show you an experiment in which a person tries to use
their hand to push a low-friction cart along a track using a continuous,
constant, force. The strength of the force the person is exerting on the cart will

2-14



Lesson 3: Motion with a Continuous Force

be measured using a force probe attached to the cart and the results will be
displayed on a force-time graph.

©), . .
According to the force-time graph was the force exerted on the cart
continuous and constant? How can you tell?

In reality, most people find it very difficult to maintain a continuous push of a
constant strength. We will now check to see if there is a better way to arrange
for such a force to act on the cart.

You instructor will show you a demonstration of a low-friction cart with a fan
unit mounted on it. While the fan is running the cart will push against the
force probe, which will be held steady in front of it.

s

2% Do you think the fan unit exerts a continuous, constant, force on the cart
while it is running? What evidence supports your thinking??

PART 3. Now that we have a way to apply a continuous, constant, force to
the cart, we can check how it moves to when only this force is acting on it.
Your instructor will show an experiment in which a cart starts at rest and is
pushed along a track by a fan unit. The speed-time graph of the cart will be
displayed.

=

=

v Sketch the speed-time graph for the motion of the cart.

speed (m/s)

Time (s)

2-15
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&4,
nas 3
g

2 Discuss with your neighbors. What was happening to the speed of the
cart while the fan unit was pushing it along the track? Does this confirm
or refute your prediction from PART 1?

Suppose this demonstration were repeated using three tracks joined end-to-
end. Do you think the fan-cart would continue to speed up in this case, or do
you think something else would happen?

?O Discuss your thinking with your neighbors, and decide which of the
responses in the question below best represents your thinking. Make a
note of your reasoning below the question and then participate in the
class vote and discussion.

CQ 3-2: If the fan-cart were started from rest and
allowed to run along three tracks laid end-to-end,
what do you think would happen?

A. lts speed would increase along the first track
but become constant soon after that.

B. It would continue speeding up all the way
along the three tracks.

C. It would speed up at first and then begin to
slow down.

Your instructor will now show you a movie of the experiment being
performed. The movie will be paused at the relevant points so that its time
code can be used to estimate how long it takes the cart to travel the length of
each of the three tracks.

2-16




Lesson 3: Motion with a Continuous Force

©), .

=8 Record how long it takes for the fan-cart to travel down each of the three
tracks,
First track:

Second track:

Third track:

4,
= G0
e

=% Discuss with your neighbors. What happens to the speed of the cart as it
travels down the three tracks? Which of the responses to CQ 3-2 does the
evidence from the movie support? Explain how you know?

Summarizing Questions

1. If a cart is at rest and a force acts on it, what happens? If the same force
continues to act on the cart what happens to the cart’s speed?

2. In the previous lesson you saw that just because an object is moving this
does not necessarily mean that a force is pushing it forward. So, what
evidence would you look for to tell you that there is definitely a force
pushing it forward? Explain your reasoning below the question.

CQ 3-3: Which of the following would be definite
evidence that a force is pushing an object
forwards?

Motion with decreasing speed only
Motion with increasing speed only
Motion with constant speed only

Any motion, regardless of how the speed
is behaving

oCowx>
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3. Suppose the fan blade jammed (and so suddenly stopped rotating) as the
fan-cart was moving along the track? What would happen to the motion
of the cart? Briefly explain your thinking.

CQ 3-4: Which of the following do you think would happen
if the fan blade jammed as it was pushing the cart along the
track?

A. It would continue speeding up until it
reached the end of the track

B. It would stop speeding up immediately

C. It would continue to speed up for a short
time

4. The key question for this activity was:

How does an object move when a force of constant
strength continuously pushes it forward?

Make sure you can answer this question using ideas that are supported by
evidence from this activity.

2-18
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= A1l do that.

B) Sure.

Select either option below to start the homewaork.

You must answer the question before continuing

Page 1 of 21
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UZ2LO3HW

Fushing a Skateboarder - Introduction

LEPS

In this homewark activity, you will practice using your develaping ideas about how the mation of an object is related to the force
acting on it. Imagine you see your friend coasting toward you on his skateboard. (How he started moving is not a concern here.)

¢ From the moment you first see him, it takes 4 seconds for him to reach you.

As he reaches you, you begin to push him in the same direction as his motion with a constant strength push. You continue to
push in this manner for 4 secands and then you stop pushing.

¢ ourfriend continues to move, coasting in the same direction, for a further 4 seconds.

0-4 seconds 4 -8 seconds g - 12 seconds

Mate: In this activity, we will assume the skateboard is well lubricated, so that the effects of friction can be ignored.

Page 2 of 21
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Slide 3 - Speed time graphs

Fushing a Skateboarder - Speed-time graph idea

What da you think the maotion of your friend would be like (speeding up, slowing down, or constant speed) during each of the 4-
second periods described above? Which of these speed-time graphs best represents your thinking? (Remember, we are ignaring
the effects of friction).

o A peed of Skateboard vs Time ]3] B) speed of Skateboard vs Time [C[s]
Jcmis qEcmis
o S S e 5.“ 0.0 “ - v v T S.H
0.0 20 40 60 80 100 12.0 00 20 40 BO 80 100 120
9] speed of Skateboard vs Time EHo
cmfs
_ . /\7 You must answer the gquestion before
Click onyour choice. continuing
T v T T T T T S-L‘c
| 0.0 20 40 B0 80 100 120

IT"} Clear ][ Skip ][ Back ][ Cantinue
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Fushing a Skateboarder - Speed-time graph idea

You chose graph A

speed of Skateboard vs Time E0
cm/s

.:JL
SEC

L A e e ]
00 20 40 60 80 100 120

Which of the following staterments best represents the reasoning behind your chaoice?

A) His speed depends on the strength of the farce pushing him forward. Before and after the push, the
only farce is the one that got him started. During the push, he has more force, so his speed is higher.

B) WWhen he is not being pushed, the skateboarder moves at a slow constant speed, but the force of
the push makes him move at a faster constant speed.

You must answer the gquestion before

) | don't like the reasoning in either A or B Click on your choice continuing

I—HEII—}-I Clear H Skip ][ Back ][ Continue
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Fushing a Skateboarder - Speed-time graph idea

You chose graph A
speed of Skateboard vs Time [ L]
cm/s

.:JL
SEC

L A e e ]
0.0 20 40 60 80 100 120

Feedback:

AB: Your choice of graph and reasoning seem to imply that you think that when a constant force acts on an object, it will
move at a constant speed. |5 this idea supported by the evidence you saw in Lessons 2 & 37

;. Perhaps your own reasoning wauld better fit with another of the speed-time graphs? Let's wait and see what happens in the
rest of the activity.

Back H Continue
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Fushing a Skateboarder - Speed-time graph idea

You chose graph B.

spred of Skateboard vs Time E0
cmis

‘I
SEC

0.0 ey,
0.0 2.0 40 60 80 100 120

Which of the following staterments best represents the reasoning behind your chaoice?

. A1 WWhen he is not being pushed, he moves at a constant speed. During the push, he continuously
speeds up.

B) During the push, moare force is gradually transferred to the cart, adding to the force it already has,
and so making it move faster.

) | don't like the reasoning in either A ar B.

Click on your choice fou must answer the guestion before cantinuing

||-|e||;| Clear H Skip ][ Back ][ Continue

Page 6 of 21



U2LO3HW Monday, October 10, 2011

Slide 7 - Slide 7

Fushing a Skateboarder - Speed-time graph idea

You chose graph B.
spred of Skateboard vs Time [C]s]
cmy/s

‘I
SEC

0.0 ey,
0.0 2.0 40 60 80 100 120

Feedback:

A2 Yaour choice of graph and reasoning seem to imply that you think a push is not required for an object to move at a constant
speed, but that when it is being pushed, an object speeds up. Are these ideas supported by the evidence you saw in Lessons
2837

B: ‘“our choice of graph and reasaoning seem to imply that you think force is something that can be transferred between
ohjects. |5 this idea supported by the evidence you saw in Lessons 1 & 27

C: Pethaps your own reasoning would better fit with another of the speed-time graphs? Let's wait and see what happens in the
rest of the activity.

Back H Continue
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Fushing a Skateboarder - Speed-time graph idea

You chose graph C.

speed of Skateboard vs Time E0
cmy/s

~_A_
SEBC

0 e
0.0 20 40 60 B0 100 120

o

Which of the following staterments best represents the reasoning behind your chaoice?

A) The push makes him gradually speed up, but as soon as the push stops, he slows down to his
original speed because the force of the push is no longer acting.

B) WWhen he is not being pushed, he moves at a constant speed. During the push, he continuously
speeds up, but once the push ends, he quickly slows back down to his original speed because the
pushing force that was transferred to the cart guickly runs out.

C) | don't like the reasoning in either A or B.
fou must answer the guestion before cantinuing

iZlick onyour choice.

Clear H Skip ][ Back ][ Continue
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You chose graph C.

Fushing a Skateboarder - Speed-time graph idea

speed of Skateboard vs Time
cm/s

EENBZ 4 VARN

[ C]e]

SEC

o

0 e
0.0 20 40 60 B0 100 120

Feedback:

rest of the activity.

A/B: Your choice of graph and reasoning seem to imply that you think that when a push stops acting on an object, it will
guickly slow down. |s this idea supported by the evidence you saw in Lessons 1 & 27

C: Pethaps your own reasoning would better fit with another of the speed-time graphs? Let's wait and see what happens in the

Back H Continue
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Al

0.0

Sec

0.0

20 40 60 80 100 120

iZlick onyour choice.

11

3 SEC

| 0.0 4

0.0

20 40 60 8.0 100 120

B)

Fushing a Skateboarder - Fredicting the force-time graph

Suppase you could measure the strength of any force that is pushing the skateboarder farward and plot it an a graph of force
strength versus time. Which of the graphs below best represents what you think the farce graph would look like for the
skateboarder over the whole 12-second period?

SELC

(1.0 ey o s e e e g
00 20 40 B0 80 100 120
You must answer the gquestion before
continuing
Clear ][ Skip ][ Back ][ Continue
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Fushing a Skateboarder - Fredicting the force-time graph

Suppase you could measure the strength of any force that is pushing the skateboarder farward and plot it an a graph of force
strength versus time. Which of the graphs below best represents what you think the farce graph would look like for the
skateboarder over the whole 12-second period?

Al B) force on Skateboard w5 Time [fs] ) force on Skateboard vs Time [w]
N N N
0.0 =T T T = T s.“' 0.0 SEC 0.0 ‘ SEC
0.0 20 40 60 80 100 120 0O 20 40 60 &0 100 120 00 20 40 60 BO 100 120

Feedback:

A Your choice of graph seems to imply that you think that when an object is moving, there must be a force pushing it forward.
Is this idea supported by the evidence you saw in Lessons 1 & 27

B: Your choice of graph seems to imply that you think that when an object is pushed, the force is transferred to it and
cantinues with it even after the push has ended. |s this idea supported by the evidence you saw in Lessons 1 & 27

Z: Your choice of graph seems to imply that a force only pushes on an object when it interacts with another object. |s this idea
supported by the evidence you saw in Lessons 1 & 27

Back H Continue
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Fushing a Skateboarder - Checlking your ideas

Simutator Exploration. Y ou will watch a movie of a simulation of the skateboarder to check your thinking.™  Click one of the
buttans below to open the mavie in a new window or tab. (Don't run the movie until you finish reading the text below the buttonl)

[ Wiindows ”C!uiu:kTime

The simulatar setup shown at the start of the movie should show both speed-time and force-time graphs for the skateboarder.
Also note the clock in the upper left. WWhen you run the mavie, a push will be applied ta the skateboarder between 4 and 8
geconds,

Mowe weatch the rmowie.

When you are finished, click the 'Continue’ button below. Do not close the movie window yet as you will need to look at
the graphs to answer the questions on the following pages.

‘The computer program that runs the simulation iz called the Interactions & Mation Simalator. You've already seen this simulator in action several times in
clazs.

Back H Continue
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Fushing a Skateboarder - Interpreting the simulator results

Two students were discussing what the results from the simulator mean.

Student 1: | think the simulatar shows that there is anly a force acting on the skateboarder while he is being pushed. Before
and after the push there is no force acting on him. That's why his motion during the push is different from before and after.

Student 2: | agree there's a force during the push, but | think there must also be some force before and after the push because
he's maving forward during those periods too.

Which student's thinking do the simulatar results suppont?

= A) Student 1

B) Student 2

You must answer the gquestion before

Click onyour choice. continuing

[Help | Clear H Skip H Back ][ Continue
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Fushing a Skateboarder - Interpreting the simulator results

Two students were discussing what the results from the simulator mean.

Student 1: | think the simulatar shows that there is anly a force acting on the skateboarder while he is being pushed. Before
and after the push there is no force acting on him. That's why his motion during the push is different from before and after.

Student 2: | agree there's a force during the push, but | think there must also be some force before and after the push because
he's maving forward during those periods too.

Which student's thinking do the simulatar results suppont?
A) Student 1

B) Student 2

Feedback:

A, This student's thinking seems to be consistent with the simulator results, as the force-time graph is indeed at zero both

before and after the push. Also, the motion is different (speeding up) during the push than it is before and after (constant
speed).

B. You should look at the simulator results again. The force-time graph reads zero before and after the push, meaning there
is no farce pushing the skateboarder forward at those times.

Back H Continue
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Fushing a Skateboarder - Interpreting the simulator results

Twio mare students were discussing the simulataor results.

Student 3: The simulator shows us that the force is transferred from the pusher to the skateboarder. That's why he is moving
faster after the push, because he has more force pushing him foreard.

Student 4: | disagree. It looks to me like when there's a force pushing him forward, he speeds up, but when there's no force,
hiz speed is constant.

Which student's thinking do the simulatar results suppont?

A) Student 3

= B) Student 4

You must answer the gquestion before

Click onyour choice. continuing

[Help | Clear H Skip H Back ][ Continue
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Fushing a Skateboarder - Interpreting the simulator results

Twio mare students were discussing the simulataor results.

Student 3: The simulator shows us that the force is transferred from the pusher to the skateboarder. That's why he is moving
faster after the push, because he has more force pushing him foreard.

Student 4: | disagree. It looks to me like when there's a force pushing him forward, he speeds up, but when there's no force,
hiz speed is constant.

Which student's thinking do the simulatar results suppont?
A) Student 3

B) Student 4

Feedback:

A, You should look at the simulatar results again, The farce-time graph reads zero after the push, meaning there is no force
pushing the skateboarder forward at that time. You may also want to take a look back at Lessons 1 & 2 to see whether
the evidence you saw in those lessons supparts ar refutes the idea that force can be transferred between objects.

B. This student's thinking does seem to be supported by the simulator results, and also by the evidence you saw in Lessons
182

Back H Continue
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Uiz - Infroduction

You should answer the following guestions based on what you learned during this homework activity. Report your answers
separately according to the instructions given you by your instructor. Keep this homework open in a separate browser window
until you finish answering all the questions.

Back H Continue
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Uiz - Cuestion 1

Shown below is a force diagram for the skateboarder at a time of 6 seconds after the simulator started (halfiway through the
period during which he was being pushed).
— A\

2
—>i N

Which of the following force diagrams would be most appropriate for him at a time of 2 seconds (well before the push started)?

1) \ 2] 3 \
A) Left image I?‘Q\ ﬁ
— iR

B) Center image n w
) Right image ; 1 o 1

Back H Continue
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Uiz - Question 2

Shown below is a force diagram for the skateboarder at a time of 6 seconds after the simulator started (halfiway through the
period during which he was being pushed).

Which of the following force diagrams would be most appropriate for hirm at a time of 10 seconds (well after the push has ended)?

1) \ Py 3
| 2 ® 2
Al Left image goT o )
| Q\ ' 'T :%% ﬂ I\N

B} Center image n n n
C) Right image ) ) . = : 3
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Uiz - Question 3

Suppase you are watching an ice-hockey game with same classmates. As the puck is sliding across the ice at a relatively
constant speed, it passes close to a player, who hits it (with his stick) in the same direction that it is already moving. After the
hit, you notice that the puck is maving much faster than it was before the hit. Your classmates propose the following three
explanations for why the puck is moving faster after the hit than before.

Student 1: The farce of the stick was transferred to the puck during the hit. After the hit, the puck has moare force, so it moves
faster.

Student 2: The puck still has the force that started it maving, which is what keeps it moving at a constant speed. When the
player hits it, he adds to this force, which makes the puck speed up. After the hit, this extra force is gone, so the puck stops
speeding up; but the ariginal farce is still there, so now if maoves at a faster constant speed.

Student 3: While the stick is in contact, it applies a force to the puck that makes it speed up. Az soon as contact is lost, this
force disappears, so the puck stops speeding up.

YWhose reasoning do you agree with?

A) Student 1
B) Student 2

C) Student 3

Back H Continue
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(Quiz - Question 4
In Unit 1, you saw how contact push/pull interactions can be described using ideas of energy transfer and changes. In this unit,
you are developing ideas about how these same interactions can be described in terms of the forces acting on an object.
Below is a list of ideas about how the energy and force descriptions of contact push/pull interactions might be related. Check all
the boxes next to thase statements that are consistent with the evidence you have seen sa far. (To get credit for this question,
you need to check all of those that are appropriate; partial credit is not available, so be carefull)

A)When a single force acts on a moving object in the same direction as its motion, its kinetic energy increases.

B} YWhen a single force acts on a moving object in the same direction as its motion, mechanical energy is transferred out of the
ohject ta anather abject.

C)WWhen a single force acts on a maving object in the same direction as its motion, the object is the energy receiver in a
contact push/pull interaction.

D) If the kinetic energy of a moving object is staying constant, a force must be pushing it forward, even if the effects of friction
can be ignared.
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